Molecular epidemiologic studies previously reported that 1,25-dihydroxy vitamin D 3 (1,25(OH) 2 D 3 ) appears to influence cancer risk. It exerts its activity through the intracellular vitamin D receptor (VDR), which regulates the transcription of genes. This study aimed to investigate the genetic association of VDR polymorphisms with renal cell carcinoma (RCC) risk in the Chinese population. The genotypes of five VDR polymorphisms (TaqI, BsmI, Cdx-2, ApaI, and FokI) were studied using polymerase chain reaction in 302 RCC patients and 302 healthy controls. ApaI variant AA and AC genotypes were found to be associated with a significantly increased risk of RCC compared with the CC genotype (OR = 2.60, 95% CI = 1.39-4.85 for AA vs. CC, and OR = 1.52, 95% CI = 1.08-2.13 for AC vs. CC). The AA genotype was also associated with a higher Fuhrman grade (OR = 2.87, 95% CI = 1.15-7.16 for AA vs. CC). No significant difference was found between the other four VDR polymorphisms and RCC risk. Our study suggests that VDR ApaI genotypes may be involved in the increased risk and progression of RCC in the Chinese Han population.
Scientific RepoRts | 6:25987 | DOI: 10.1038/srep25987 their association with cancer risk 8, 10 . However, there is still a scarcity of data regarding the association of VDR genotype with RCC patients, and the results has not been consistent [11] [12] [13] . Therefore, to determine whether variation in vitamin D receptor modify RCC risk, we conducted a case-control study to evaluate the association between VDR variants and RCC risk in the Chinese Han population. Table 1 shows the general characteristics of cases and controls that were included in the present study. The mean age of cases was 54.76 years (standard deviation (SD) 10.96; range, 27-80 years), and that of controls was 54.17 years (SD 12.35; range, 24-87 years). No significant difference was observed between RCC patients and controls regarding age or sex. However, significantly more smokers (P = 0.006) and hypertensive patients (P = 0.029) were observed in the RCC group compared with the controls (Supplementary Information). Of the 302 RCC patients, 229 (75.83%) had RCC stage I-II, while 241 (79.80%) had RCC grade stage I-II.
Results
Association of VDR polymorphisms with RCC risk. Genotype and allele distributions of VDR polymorphisms in the cases and controls are shown in Table 2 . In our study population, all genotype distributions in the control subjects were in agreement with HWE (Hardy-Weinberg equilibrium) (P = 0.82, P = 0.26, P = 0.69, P = 0.08, and P = 0.33 for TaqI, BsmI, Cdx-2, ApaI, and FokI, respectively). Multivariate logistic regression analyses showed that patients with AA and AC genotypes of the ApaI polymorphism had a significantly increased RCC risk compared with those with the CC genotype (adjusted OR = 2.60, 95% CI = 1.39-4.85 for AA vs. CC; OR = 1.52, 95% CI = 1.08-2.13 for AC vs. CC ). The ApaI polymorphism A allele was also associated with an increased risk of RCC between cases and controls (P = 0.001). However, no significant association was found between variant genotypes of the other four VDR polymorphisms and risk of RCC (P > 0.05). Table 3 shows the distribution of cases according to available RCC histopathological characteristics. We compared the various risk factors with stage and grade of RCC. The AA genotype of the ApaI polymorphism was found to be associated with a higher Fuhrman grade (OR = 2.87, 95% CI = 1.15-7.16 for AA vs. CC), but not with the AJCC (American Joint Committee on Cancer) stages of RCC (P = 0.766). There were no significant associations between the other four VDR polymorphisms and AJCC stages or Fuhrman grades in all patients.
VDR polymorphisms and RCC clinicopathologic characteristics.
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Discussion
In this study, we observed a significant association between the VDR ApaI variant and RCC risk in the Chinese Han population. Patients with AA and CA genotypes of the ApaI polymorphism were shown to have a 2.66-and 1.47-fold increased RCC risk, respectively, compared with those with the CC genotype. We also found that the ApaI polymorphism AA genotype was associated with a higher Fuhrman grade of RCC. However, none of the other four polymorphisms (TaqI, BsmI, Cdx-2, and FokI) were associated with the incidence of RCC. These results provide evidence for a potential role of inherited VDR variants in the development of RCC. A few previous studies have comprehensively analyzed the genetic variation in VDR in relation to RCC. For example, a recent case-control study of 135 RCC patients and 150 controls in a Japanese population found that participants with the ApaI site AA genotype had a significant increase in RCC risk and a poor prognosis 11 . These data are consistent with those of our current report. However, because the ApaI SNP has only been analyzed in small studies typically limited to only one racial group, additional studies on larger population sizes are warranted to confirm these data. This SNP is located in intron 8 near the 3′ UTR of the VDR gene, and does not alter the amino acid sequence of the encoded protein; however, it may influence gene expression through the regulation of mRNA stability 15 . Recent genetic studies have shown that synonymous mutations may play an important role in disease etiology; they can affect protein expression and function by altering mRNA stability 16, 17 .
FokI is the VDR SNP that has been most analyzed because of its functional significance. The FokI C allele encodes a VDR protein lacking three amino acids compared with that encoded by the T allele, which results in enhanced VDR transcription activity. In an earlier study conducted in Central and Eastern Europe, the prevalence of three common VDR SNPs (BsmI, FokI, and TaqI) did not differ according to tumor stage or grade 12 . These data are consistent with our own. In our study, RCC risk was not associated with the TaqI , BsmI and FokI polymorphisms. However, a recent study by Arjumand et al., which analyzed associations of VDR SNP genotypes with RCC progression in terms of AJCC stage and nuclear grade, reported that FokI and BsmI were significantly associated with increased RCC risk among the North Indian population 13 . These discrepancies may reflect the limited number of cases in some studies, or the analysis of different ethnic groups. Indeed, it has been demonstrated that allelic distribution varies among different ethnic groups, which may lead to controversial results among different populations [18] [19] [20] . To our knowledge, this is the first study to examine Cdx-2 polymorphism and RCC risk. Cdx-2 leads to decreased transcriptional activity of the VDR promoter 21 . However, we found no association of Cdx-2 with RCC risk in our study. Like other complex diseases, RCC appears to be caused by both genetic and environmental factors, such as cigarette smoking, obesity, and hypertension 22, 23 . The sample size in our current study was relatively small, so it might not provide sufficient statistical power to assess the association between VDR SNPs and RCC risk. We didn't perform further subgroup stratification analysis by smoking or obesity because of the insufficient of our data. Moreover, our study population was only of Han Chinese; thus, more comprehensive studies involving larger sample sizes of ethnically diverse populations are warranted to validate these findings.
In conclusion, this study indicates that the ApaI polymorphism of VDR is associated with RCC risk in the Chinese Han population. It also suggests that the ApaI polymorphism is a potential determinant of prognosis in terms of Fuhrman grade in RCC patients. Additional studies are needed to fully elucidate the role of VDR genetic variation in RCC risk.
Methods
Study population. A total of 302 RCC Chinese Han patients and 302 healthy controls were recruited
between November 2009 and April 2012 at the First Hospital of China Medical University (Shenyang, China). All patients were recruited after a radiologic and histologic diagnosis of RCC. Detailed information about age, sex and clinical characteristics were obtained for all participants (see Table 1 ). The histologic subtype distribution was as follows: 241 clear cell RCC, 14 papillary RCC, 20 chromophobe RCC, 22 multilocular cystic RCC, and five unclassified RCC. Tumor stages and grades were determined according to the tumor-node-metastasis classification of the American Joint Committee on Cancer (AJCC) and the Fuhrman scale. Controls were randomly selected from individuals undergoing a health examination at the First Hospital of China Medical University during the same time period. Controls were cancer-free and were age-and sex-matched to cases. Informed consent was obtained from all individual participants included in the study. The study was approved by the Ethics Committee of the First Hospital of China Medical University, and carried out in accordance with the Declaration of Helsinki.
DNA extraction and genotyping. Genomic DNA was extracted from 200 μ L of whole blood samples using the QIAamp DNA Micro Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Extracted DNA was dissolved to a concentration of 30 ng/μ L and was stored at − 80 °C. High-resolution melting methods using the LightCycler ® 480 system (Roche, Mannheim, Germany) were used for SNP genotyping according to a previously reported protocol 14 . Primer sequences used for amplification are listed in Table 4 . For quality control purposes, 20% of cases and controls were verified by direct sequencing to confirm SNP genotypes, resulting in a concordance rate of 100%. We confirmed our genotyping results by direct sequencing using an ABI3730 sequencer (ABI, America).
Statistical analysis.
A goodness-of-fit chi-squared (χ 2 ) test was used to evaluate the Hardy-Weinberg equilibrium (HWE) of the gene frequencies of the healthy individuals. Differences in frequency distributions of epidemiological factors between RCC cases and controls were tested using the Student's t-test for continuous variables and the χ 2 -test for categorical variables. To avoid spurious associations due to a small number of homozygous individuals, we used the dominant model for TaqI and BsmI to evaluate associations between the genotypes and RCC risk. The associations between VDR polymorphisms and RCC risk were estimated by calculating odds ratios (ORs) and 95% confidence intervals (CIs). from unconditional logistic regression analysis, adjusting for age and sex. The ORs and 95%CI were calculated by multivariate logistic regression analyses, adjusted for the effect of covariates like sex, age, smoking and hypertension status. All statistical tests were two-tailed with P-value < 0.05 considered as statistically significant. All statistical analyses were performed using the SPSS statistical package, version 19.0. (SPSS Inc., Chicago, IL). Table 4 . Polymerase chain reaction primers and amplicons.
